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COMPRESSOR BLADE FOR AN AIRCRAFT
ENGINEL

This application claims priority to German Patent Appli-
cation DE10307610.7 filed Feb. 22, 2003, the entirety of
which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

This invention relates to a compressor blade for an aircraift
engine whose airfoi1l comprises a blade core made of a fiber
compound material and a metallic enclosing structure.

The blades of turbomachines, 1 particular of aircraft
engines, are subject to considerable loads arising from
centrifugal forces, gas pressure and airfoil vibrations excited
by the fluud flow, but also from erosion due to ingested
foreign matter or corrosion. The compressor blades, espe-
cially the fan blades, of aircrait engines are additionally
loaded to a considerable extent by the impingement of birds
in the event of a bird strike. The correspondingly stringent
safety requirements are 1n opposition to the endeavor to cut
the manufacturing costs and to lower the specific fuel
consumption by reducing the weight of the blades and,
hence, of the burst protection elements of the engine. The
respective design features are similarly applicable to both,
rotor blades and stator vanes.

For weight saving, blades of hollow design are known
which, however, are extremely costly to manufacture and
economically justifiable only in the case of large engines.
Since the use of hollow-design blades 1n small-power
engines 1s not ellective 1n terms of the ratio between the
achievable weight saving and the cost investment, solid
titanium 1s being used to manufacture the correspondingly
smaller blades of such engines. While these blades withstand
the above-mentioned loads, they are susceptible to the
vibrations caused by the flmd flow and are also heavy and
costly.

Furthermore, blades in fiber compound materials have
been developed which, while having a considerable weight
advantage over solid blades made of an appropriate metal
and possessing appropriate specific strength and high intrin-
s1c damping characteristics against vibrations, do not satisiy
the stringent strength criteria as regards erosion or a bird
strike to the surface or the leading edge of the airfoil.

Specification U.S. Pat. No. 5,655,883 describes a com-
pressor blade of a carbon fiber compound material 1n an
epoxXy resin matrix and a titanium enclosing structure whose
titanium section covers the suction side as well as the
leading-edge, trailing-edge and blade-tip areas.

From Specification DE 196 27 860 C1, a blade for a
turbomachine 1s known which comprises a supporting lami-
nated structure of fiber-reinforced plastic whose surface area
1s partly of fully covered with a layer of metallic fibers or
filaments which are bonded to the mating fiber-reinforced
plastic by means of the same resin binding agent.

Finally, Specification EP 1106783 A2 proposes a turbo-
machine blade whose blade-core supporting structure 1s
made of a compound material and 1s surrounded by a
metallic enclosing structure consisting of a plate 1n titanium
or a similar material and a metal-felt weave welded or
brazed to the inner side of the plate.

While the above-mentioned engine blades possess
adequate 1ntrinsic strength, corrosion resistance and vibra-
tion damping characteristics 1n combination with a signifi-
cantly lower weight than the known solid metal blades, they
do not satisty the stringent safety requirements for erosion
resistance and, in particular, impact strength 1n the event of
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a bird strike or an impingement of other objects. The
covering structure can be damaged by prolonged erosion or
a bird strike, as a result of which the blade core consisting
of a fiber compound material may be destroyved. Further-
more, the known supporting and enveloping structures do
not allow an aerodynamically favorable blade geometry to
be produced, especially 1n the air inflow area.

BRIEF SUMMARY OF THE INVENTION

The present 1invention, 1 a broad aspect, provides for a
type of compressor blade for turbomachines and aircraft
engines for a large thrust range which 1s of light weight and
acrodynamically favorable design and which 1s capable of
withstanding the loads arising from a bird strike or from
ceroding matter, in addition to the operating loads.

It 1s a particular object of the present invention to provide
solution to the above problematics by a compressor blade
designed in accordance with the features described herein.
Further objects and advantages of the present invention
become apparent from the description below.

In other words, the 1dea underlying the present invention
1s that the metallic enclosing structure of the blade core
made of fiber compound material 1s of a multi-part design
and includes a blank for the suction side, a blank for the
pressure side and an aerodynamically shaped leading-edge
former. The leading-edge former, which 1s connected to the
two blanks, allows the maximum loads caused by bird strike
or eroding matter to be taken up and the aerodynamic
characteristics to be set optimally. The design 1n three
enclosing components enables the materials applied and the
material thicknesses to be varied in accordance with the
respective loads to ensure the required strength properties
and to mimmize the material input to save weight also on the
side of the enveloping structure. The multi-part design of the
enclosing structure using a leading-edge former also pro-
vides for easy repair of the compressor blade.

In a further development of the present invention, the
leading-edge former 1s asymmetrical such that the blanks
and their connections to the leading-edge former are offset
relative to each other. Thus, the joint and the blank on the
pressure side of the compressor blade, which are both
subject to higher loads, are located farther away from the
leading edge and relieved. Where a fillet 1s provided on the
inner side of the leading-edge former facing the blade core,
the asymmetry of said leading-edge former can also relate to
different material thicknesses on the pressure side and on the
suction side, with more material being present on the pres-
sure side than on the suction side. Similarly, the thickness of
the blanks can be different, including thickness variations
within the blank, but with the thicker blank portion con-
necting to the leading-edge former.

In an advantageous development of the present invention,
an attaching rib can be formed onto the side of the leading-
edge former facing the blade core, this attaching rib provid-
ing for an intimate tie between the leading-edge former and
the fiber compound material of the blade core. The intimate
tie between the leading edges and the fiber material can, for
example, also be accomplished by conformally weaving 1n
the leading edges.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mnvention 1s more fully described in light of
the accompanying drawings showing multiple embodi-
ments. On the drawings:
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FIG. 1 1s a sectional view of the airfoil of a compressor
blade for an aircraft engine in accordance with the present
invention,

FIG. 2 1s a detailed representation of the area of the
leading edge of the compressor blade shown 1 FIG. 1 1n a
first embodiment,

FIG. 3 1s a detailed representation of the leading edge of
the compressor blade shown 1n FIG. 1 1n a second embodi-
ment, and

FI1G. 4 15 a detailed representation of the compressor blade
in the area of the leading edge 1n a third embodiment.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The compressor blade includes a high-stifiness blade core
1 made of a fiber compound material, a metallic enclosing
structure 2 with a leading-edge former 3, and a blade root
(not shown) which retains the compressor blade to a disk
(not shown).

The fiber compound material of the blade core serves, in
a known manner, for taking up the centrifugal forces and the
bending and torsional loads and for vibration damping and
provides a weight saving compared to compressor blades
made of solid metal. The metallic enclosing structure 2
includes a first blank 5 on the pressure side of the compres-
sor blade and a second blank 4 on the suction side of the
compressor blade. On the 1nner sides of the blanks 4 and 35
tacing the blade core 1, a metallic weave 6 1s attached which
provides for an intimate, firm tie between the blanks 4 and
5 and the fiber compound material of the blade core 1.
Alternatively, this intimate tie between the blanks and the
fiber compound material can be pretreated according to the
state of the art, for example by etching or roughening the
blanks. The blanks 4, 5 are capable of taking up part of the
impact forces and erosion loads arising from bird strike or
impinging grains ol sand or hail, respectively. Since the
impact and erosion eflects are particularly high in the area of
the leading edge (air inflow edge), a conventionally manu-
tactured blade can be destroyed by bird strike or be damaged
by continually progressing erosion, corrosion or crack for-
mation 1n this area, as a consequence of which the blade core
1 could also be affected. In order to avoid this, both blanks
4 and 5 are joined with each other at the blade leading edge
by means of a leading-edge former 3.

The leading-edge former 3 is preferably constructed of
solid metal, for example austenitic steel, and features
recesses 7 on the side facing the edges of the blanks 4, 5
which correspond to the length and thickness of the respec-
tive blank. In each recess 7, the leading edge of the respec-
tive blank 4, 5 1s joimned to the leading-edge former 3 by
welding, for example laser or diffusion welding, 1n such a
manner that the outer surface of the leading-edge former 3
1s flush with the outer surface of the respective blank, thus
making the transition between the blank and the leading-

edge former insensitive to notch eflects.

As shown on the drawing, in particular FIG. 2, the
leading-edge former 3 i1s designed such that the two welds 8
and 9, which connect the blanks 4, 5 to the leading-edge
former 3, are offset relative to each other. Thus, weld
ispection can be performed without mutual flaw 1nterfer-
ence. The correct arrangement of the joints (recesses 7) on
the leading-edge former 3 1s, however, of great importance
and must be such that the joint for the weld 9, which 1is
located on the higher loaded pressure side (blank 3), i1s

tarther away from the leading edge (tip of the leading-edge
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former 3). Thus, the joint between the leading-edge former
3 and the blank 5 (pressure side) i1s protected against
excessive stressing.

In the embodiment of FIG. 3, a fillet (depression) 10 1s
formed 1nto the surface of the leading-edge former 3 facing
the blade core 1 (1iber compound material) to provide a large
contact area and, thus, an optimum tie with the fiber com-
pound material and to reduce the mass of the leading-edge
former 3, in particular 11 1t 1s very long and thick. Obviously,
the dimensioning of the leading-edge former 3 1s variable
and can be designed such that optimum aerodynamic prop-
erties are achueved, for example by providing a very small
tip radius.

FIG. 4 illustrates a further embodiment of the leading-
edge former 3 whose side facing the blade core 1s provided
with a formed-on attaching rib 11 which protrudes 1nto the
fiber compound material, and which may also be enlarged 1n
the form of a wedge towards the blade core 1 to create an
intimate tie between the blade core 1 and the leading-edge
former 3. As becomes apparent from FIG. 4, in particular,
the attaching rib 11 1s provided with attaching holes 12 by
which the fiber matenal 1s connected to the attaching rib 11.
The attaching rib 11 can also feature other profiles, struc-
tures or anchoring elements to produce a firm connection
between the leading-edge former 3 and the blade core 1.

As mentioned above, the loading of the compressor blade
1s higher on the pressure side than on the suction side and
again higher i the vicinmity of the leading edge than in an
arca farther away from 1it. The multi-part design of the
metallic enclosing structure 2, consisting of the leading-edge
former and the two blanks, enables 1ts various components
to be made of different materials 1n correspondence with the
respective load or to provide blanks with different thick-
nesses. This design allows the blanks and the leading-edge
former to be made of different materials 1 line with the
respective requirements. Nickel-base materials, austenitic
steels and titanium-base materials are particularly suited.
Due to the high loads in the leading edge-near area on the
pressure side, the blank 5, as shown 1n FIG. 1, 1s provided
with varying wall thicknesses s1, s2, . . ., and 1s referred to
as “tailored blank™. Accordingly, the section with the great-
est wall thickness s1 attaches directly to the leading-edge
former 3.

As mentioned above, the length of the leading-edge
former 3 1s variable in dependence of the load to be
expected. Also, as shown i FIG. 3, the profile of the
leading-edge former can be made such, that more matenal 1s
present on the pressure side than on the suction side.

The compressor blade described by way of the above
embodiments, with a metallic enclosing structure 2 made up
of the individual elements 3, 4 and 5, enables the material
thickness, material type and shape of the leading edge to be
adapted to the applicable load conditions such that high
stability, longevity and optimum aerodynamic properties are
ensured with minimum weight. Cracks, material deteriora-
tion or damage by erosion or corrosion, which most likely
occur 1n the highly loaded leading edge area, can be repaired
inexpensively by replacement of the leading-edge former 3
or by material build-up.

The different features disclosed above can be combined 1n
different manners to create new embodiments.

What 1s claimed 1s:

1. A compressor blade for an aircraft engine, comprising;:

an airfoil having a blade core made of a fiber compound

material and a metallic enclosing structure,

wherein the metallic enclosing structure 1s of a multi-part

design and includes a blank on a suction side of the
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airfo1l and a blank on a pressure side of the airfoil
which are connected 1n an area of a leading edge of the
airfo1l to a leading-edge former constructed of a solid
metal, the leading-edge former being thicker on the
pressure side than on the suction side and including an
attaching rib facing towards the blade core and which
protrudes 1nto the fiber compound material, the blank
on the pressure-side being thicker than the blank on the
suction side.

2. A compressor blade in accordance with claim 1,
wherein the leading-edge former has an asymmetrical cross-
section and welds attaching end faces of the blanks to the
former are oflset relative to each other, with a pressure-side
weld being positioned farther away from the leading edge
than a suction-side weld.

3. A compressor blade 1n accordance with claim 2,
wherein outer surfaces of the blanks and of the leading-edge
former are flush with each other.

4. A compressor blade in accordance with claim 3,
wherein the leading-edge former 1includes recesses for locat-
ing ends of the blanks.

5. A compressor blade 1n accordance with claim 2,
wherein the asymmetrical leading edge-former 1s longer on
the pressure side than on the suction side and includes a fillet
tacing towards the blade core into which the fiber compound
material protrudes.

6. A compressor blade in accordance with claim 1,
wherein the attaching rib 1s configured in the form of a
wedge towards the blade core.

7. A compressor blade 1n accordance with claim 1,
wherein thicknesses of at least one of the blanks varies over
the width of the blank from the leading edge to a trailing
edge, 1n dependence of the load applied to the blank.

8. A compressor blade 1n accordance with claim 1,
wherein the leading-edge former includes an aerodynami-
cally favorable shape with a tip radius.

9. A compressor blade 1n accordance with claim 1,
wherein at least one of the blanks and the leading-edge
former are constructed from the group of nickel-base mate-
rials, austenitic steels and titanium-base materials.

10. A compressor blade 1n accordance with 1, wherein the
metallic enclosing structure comprises a metal weave on a
side facing the blade core.

11. A compressor blade in accordance with claim 1,
wherein the attaching rib includes surface structure by which
the fiber compound material can be interwoven with the
leading-edge former.

12. A compressor blade for an aircrait engine, comprising:

an airfoil having a blade core made of a fiber compound

material and a metallic enclosing structure,

wherein the metallic enclosing structure 1s of a multi-pad

design and includes a blank on a suction side of the
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airfoil and a blank on a pressure side of the airfoil
which are connected 1n an area of a leading edge of the
airfo1l to a leading-edge former constructed of a solid
metal, the blank on the pressure-side being thicker than
the blank on the suction side.

13. A compressor blade for an aircrait engine, comprising;:

an airfoil having a blade core made of a fiber compound
material and a metallic enclosing structure,

wherein the metallic enclosing structure 1s of a multi-part
design and includes a blank on a suction side of the
airfo1l and a blank on a pressure side of the airfoil
which are connected 1n an area of a leading edge of the
airfo1l to a leading-edge former constructed of a solid
metal, at least two of the individual components of the
enclosing structure are constructed of different metal
materials 1n accordance with the respective load con-
ditions.

14. A compressor blade for an aircrait engine, comprising;:

an airfoil having a blade core made of a fiber compound
material and a metallic enclosing structure,

wherein the metallic enclosing structure 1s of a multi-pad
design and includes a blank on a suction side of the
airfo1l and a blank on a pressure side of the airfoil
which are connected 1n an area of a leading edge of the
airfo1l to a leading-edge former constructed of a solid
metal, the metallic enclosing structure comprising a
metal weave on a side facing the blade core.

15. A compressor blade for an aircrait engine, comprising:

an airfoil having a blade core made of a fiber compound
material and a metallic enclosing structure,

wherein the metallic enclosing structure 1s of a multi-part
design and includes a blank on a suction side of the
airfoil and a blank on a pressure side of the airfoil

which are connected 1n an area of a leading edge of the
airfo1l to a leading-edge former constructed of a solid

metal, the leading-edge former being thicker on the
pressure side than on the suction side.

16. A compressor blade for an aircrait engine, comprising;:

an airfoil having a blade core made of a fiber compound
material and a metallic enclosing structure,

wherein the metallic enclosing structure 1s of a multi-part
design and includes a blank on a suction side of the
airfo1l and a blank on a pressure side of the airfoil
which are connected 1n an area of a leading edge of the
airfo1l to a leading-edge former constructed of a solid

metal, the leading-edge former including an attaching
rib facing towards the blade core and which protrudes

into the fiber compound matenal.
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